studied in regard to reactions with fish myosin B using crude TGase extracts.9,12-l4) These studies have been designed to elucidate the mechanisms underlying gel for mation in fish meat paste. In our previous studies,15) we suc ceeded in purifying the TGase from red sea bream Pagrus major liver, using ion-exchange and heparin affinity chro matographies and examined the properties of the purified enzyme, and reported molecular cloning of cDNA encod ing the enzyme and characterized its entire primary struc ture. 16) To obtain further information on the properties of fish TGase, we used liver of walleye pollack the mince of which is usually used for making surimi based products. of 10-500 mM NaCl in the TEND buffer. The eluent flow rate was 0.5 ml/min and fractions of 2 ml were collected.
Step activity was not detected in the through fraction of Q -Sepharose, indicating that all the TGase activity was ad sorbed on the resin. The TGase activity was eluted as a sin gle peak from 0.1 m NaCl (Fig. 2(a) ) and the active 10 ml fraction was obtained. The elution profile of Q-Sepharose rechromatography is shown in Fig. 2(b) . The TGase activi ty was eluted as a single peak and 9.5 ml of combined frac tion was obtained. The active fraction was dialyzed against the start buffer for S-Sepharose and then applied to S-Sepharose HP column chromatography. As shown in Fig. 2(c) , all the TGase activity was adsorbed on the S Sepharose resin and eluted from 0.2 M NaCl as a single peak coinciding with the protein peak. The purification and yields of the enzyme are summarized in Table 1 . The purified enzyme of 0.34 mg was obtained from 15 g of liver. In this method, the activity yield and purification were 23.7% and 591-fold, respectively.
Homogeneity of the Enzyme and Molecular Weight
The TGase active fractions from the last purification step gave a single band on SDS-PAGE (Fig. 3) . The molecular weight of the purified enzyme was estimated to Fig. 3. SDS-polyacrylamide gel electrophoresis of TGase fractions. Each sample was put on 5-20% polyacrylamide gel for SDS PAGE analysis. Lanes 1, 9, protein molecule weight standards (kDa); Lane 2, the crude extract; Lane 3, the first Q-Sepltarose HP fraction; Lane 4, the second Q-Sepharose HP fraction; Lanes 5-8, the S Sepharose HP fractions 37-40, respectively. be about 77 kDa on SDS-PAGE and is 60 kDa on a Super dex 200 gel filtration, suggesting that pollack liver TGase is a monomeric protein (data not shown).
Metal ion Dependency of TGase Activity
The dependency on metal ions (Ca2+, Sr2+, Ba2+ or Mg2+) of the activity of purified TGase was examined (Fig. 4) . In the absence of the metal ions, the TGase showed no activity. However, the activity rose with the in crease in the concentration of Ca2+ and Sr2+, which fully activated the enzyme above the concentrations of 3 mM and 5 mm, respectively. The maximum TGase activities were not changed up to 10 mm. Each Ba2+ and Mg2+ homologous series elements of Ca2+ in the periodic 
Discussion
In a previous study, we reported the purification of red sea bream (Pagrus major) liver TGase using ion-exchange and heparin affinity chromatographies.151 In this study, however, pollack liver TGase could be purified only by ion-exchange chromatographies.
We assume, therefore, a combination of cation and anion-exchange chromato graphic methods is significantly effective for the purifica tion of fish TGase. In the present study, that the enzyme was well purified by one cation-exchange chromatography (S-Sepharose) is particularly noteworthy in the purifica tion (from 8.8-fold to 144-fold by this step, Table 1 ). well known that the thermostability of myofibrillar pro teins corresponds with the environmental temperature at which fish live.22) Thus, in walleye pollack, living in cold seas, myosin Ca2+-ATPase shows significant instability compared to that in red sea bream, which lives in mild seas.22) Therefore, the fact that the pollack TGase has a lower optimum temperature than red sea bream suggests some relation with the environmental conditions. In addi tion, the thermostability of the pollack TGase was slightly smaller compared to that of the red sea bream liver TGase (data not shown). The pollack Tease was inhibited by thil-enzyme inhibitors, suggesting this enzyme has (a) cys teine residue(s) in the active site and could be classified as an SH-enzyme like other TGses, such as guinea pig liver TGase,1) microbial TGase8) and blood coagulation factor XIII.1) When myosin B from pollack surimi was used as protein substrate, myosin heavy chain preferentially reacted and was polymerized by the purified TGase. This phenomenon was similar to the polymerization of myosin heavy chain during the setting process.23) In addition, gelation of myo sin B could be observed by using the crude TGase extract instead of the purified TGase (data not shown). These results suggested that TGase from pollack liver can cata lyze not only MDC incorporation, but also the crosslink ing of myosin heavy chain, resulting in the formation of gel from fish meat sol. The total amount of enzyme activi ty to form actomyosin gel was similar in pollack and guinea pig liver TGase (data not shown). It is interesting to investigate the structural difference and protein substrate specificity from other TGases, for instance guinea pig liver, fish and microbial TGase.
